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Objective: To evaluate the usefulness of different phenotypic and genotypic markers for epidemiological typing of 
enteroinvasive Escherichia coli 0124 (EIEC 0124). 
Methods: Seven sporadic ElEC 0124 isolates and 22 isolates from two different outbreaks were characterized. 
Chromosomal deoxyribonucleic acid (DNA) macrorestriction analysis with Xbal resolved by pulsed-field gel electro- 
phoresis (PFGE) and ribotyping with each of the three restriction endonucleases Bglll EcoRI, and Clal were compared 
with biotyping, antimicrobial susceptibility patterns and plasmid profiles. 
Results: Biotypes and antimicrobial resistance profiles of the outbreak-associated strains showed considerable 
variation, thereby limiting the usefulness of such phenotypic markers. Only 57% of the sporadic isolates harbored 
plasmids. Three different ribotypes based on 5 to 7 bands were recorded among sporadic isolates whereas all outbreak- 
associated strains showed the same ribotype. Bgnl appeared to give the best discrimination whereas EcoRl and Clal 
provided no additional information. Sporadic ElEC 0124 isolates showed a marked diversity of macrorestriction patterns 
(similarity coefficient 58 to 93%) and five different patterns were detected. In contrast, the outbreak isolates were closely 
related (similarity coefficient 90 to  100%). Genomic DNA macrorestriction analysis correlated well with ribotyping, but 
PFGE was more discriminating. 
Conclusions: PFGE is a useful method for epidemiological comparison and differentiation of ElEC 0124 isolates. 
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Enteroinvasive Esckerickia coli (EIEC), an intestinal 
pathogen causing enteritis in both children and adults, 
has a pathogenic mechanism similar to that of Skigella 
[l] which depends on epithelial cell invasion in the 
large bowel, leadmg to inflammation and ulceration of 
the mucosa. The patients often develop the symptoms 
of bacillary dysentery, including fever and diarrhea with 
blood and mucus in the stool. 
Some EIEC strains are atypical in one or more 
biochemical features such as being lysine decarboxylase- 
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negative, late or non-lactose fermenters, anaerogenic or 
non-motile. However, the majority of EIEC strains 
express somatic antigens which are strongly related or 
identical to Skigella antigens [2] .  The incidence of these 
strains in most developed countries is low, but they have 
been isolated relatively fi-equently in South America, 
Eastern Europe and the Far East [3]. In Spain, the 
incidence of autochthonous EIEC is low (0.2%) and 
the serogroup 0124 is the most frequently isolated [4]. 
EIEC enteritis has been associated with sporadic cases 
in travellers [ 5 ] ,  and occasional outbreaks related to 
ingestion of contaminated food or water and person- 
to-person transmission have also been reported [6-91. 
A number of phenotypic systems may initially be 
used to determine whether a set of bacterial isolates 
represents a single or multiple clone, but the limitations 
of phenotypic methods are well recognized [10,11]. 
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However, recent advances in deoxyribonucleic acid 
(DNA) technology have provided methods based on 
genotypic characterization to overcome the problems 
of phenotypic markers although, so far as is known, the 
molecular epidemiology of E. coli 0124 has not been 
attempted. 
The purpose of the present study is to evaluate 
the usefdness of biotyping, antimicrobial resistance 
profiles, plasmid profiles, ribotyping and pulsed-field 
gel electrophoresis (PFGE) to trace the epidemiological 
relationship of 29 strains of EIEC 0124 isolated in 
Catalonia, Spain, between September 1983 and April 
1988. 
MATERIALS AND METHODS 
Bacterial strains 
Included in the study were seven EIEC 0124 strains 
isolated fiom sporadc cases between 1983 and 1988, 
and 22 isolates from two different outbreaks. Outbreak 
I consisted of three isolates associated with contamin- 
ated salad [12]; outbreak I1 included 19 isolates fiom a 
waterborne outbreak [13]. The isolates were identified 
by the usual biochemical reactions [2,14], and sero- 
typed by standard methods at the Central Public Health 
Laboratory Service at Colindale, UK. All of the stra ins 
caused a severe keratoconjunctivitis in guinea pigs 
(Serkny test) [15] and invaded Hela cells [16]. 
Biotyping 
Biotypes were determined according to the system 
proposed by Richard [17], which entails twelve tests 
divided into four groups of three: Fermentation of 
dulcitol, sucrose and raffinose; production of lysine 
decarboxylase, ornitine decarboxylase and detection of 
B-glucuronidase; fermentation of Fhamnose, sorbitol 
and gas production; and fermentation of lactose, 
adonitol and sorbose. Points are allocated for each 
Table 1 Comparison of  epidemiological markers for differentiating EIEC 0124 isolates 
~~~ ~~ ~ ~~ ~ 
Strain number Biotype Antibiotype Plasmid profile Ribotype PFGE' 
Sporadic (n= 7) 25 
26 
106 
139 
140 
141 
142 
Outbreak I (n= 3) 115 
117 
118 
121 
122 
123 
124 
129 
134 
135 
125 
126 
127 
128 
130 
131 
132 
133 
136 
137 
138 
Outbreak I1 (n= 19) 120 
I 
I 
I1 
111 
IV 
w 
V 
IV 
IV 
I1 I 
IV 
IV 
IV 
VI 
111 
IV 
IV 
111 
111 
I11 
I11 
IV 
VI 
VI 
VI 
IV 
VI 
VI 
IV 
Sm Sul 
Sm Sul 
Sm 
Sm Sul Ap Sxt Km Neo 
Sm Sul Ap Sxt Km Neo 
Sm Sul 
Sm Sul 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap Sxt 
Sm Sul 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
Sm Sul Ap 
A 
A 
0 
0 
0 
B 
B 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
l a  
2 
3 
5 
5a 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6b 
6 
6 
6a 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
~ ~~ ~~~ ~ 
a = pulsed-field gel electrophoresis patterns obtained with XbaI. 
I = dulcitol-negative; rhamnose-positive; gas production-negative; I1 = dulcitol-negative; rhamnose-negative; gas production-negative; 
111 = duldtol-positive; rhamnose-negative; gas production-negative; IV = dulcitol-positive; rhamnose-negtive; gas production-positive; 
V = dulcitol-positive; rhamnose-positive; gas production-negative; VI = dulcitol-positive; rhamnose-positive; gas production-positive. 
Sm = streptomycin; sul = sulfonamide; Ap = ampich;  Sxt = trimethoprim-sulfamethoxazole; Km = kanamycin; Neo = neomycin. 
A = 2.8 Kb and 1.0 Kb plasmids; B = 1.0 Kb plasmid; C =  3.1 Kb and 1.2 Kb plasmids, O =  no plasmids. 
B= obtained by BglII; C = by CZuI; E = by EcoRI; numbers are arbitrary for differentiation. 
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positive test: one point for the first test in each group; 
two for the second test; and four for the third test. 
Biotypes are expressed in a four-digit code and each 
biotype was arbitrarily assigned a roman numeral. 
Antimicrobial resistance profiles 
Susceptibility to antibiotics was determined by the 
disk-diffusion method of Bauer and coworkers 
[18]. The antibiotic dlsks used in this study were: 
ampicfin 10 pg; arnoxycilldclavulanic acid 20 pg/ 
10 pg; cephalothin 30 pg; imipenem 10 pg; gentamicin 
10 pg; ciprofloxacin 5 pg; trimethoprim-sulfamethox- 
azole 1.25 pg-23.75 pg; sulfonamide 300 pg; strepto- 
mycin 10 pg; kanamycin 30 pg; and neomycin 30 pg. 
Plasmid analysis 
Plasmid DNA was purified by the alkahne lysis method 
of Kado and Liu [19]. Extracted plasmids were electro- 
phoresed overnight at 35 V on a 0.6% agarose gel, 
containing 0.5 pg/mL ethidium bromide in TBE buffer 
[89 mM tris(hydroxymethy1)aminomethane (TRIS), 
89 mM boric acid and 2.5 mM ethylenediaminetetra- 
acetic acid (EDTA)]. The gels were photographed 
under ultraviolet light. The lambda DNA EcoRI - Hind 
111 digest (Boehringer Mannheim, Germany) served as 
the molecular-size standard and plasmids of less than 20 
Kb were used for strain comparisons. 
Ribotyping 
DNA was extracted as described by Nastasi and 
colleagues [20]. Purified DNA (4 pg) was digested with 
Mk 1 2  3 4 5 6 7 8 9  
20 U of the restriction enzymes EcoRI, BglII and ClaI 
for 18 h under the conditions recommended by the 
manufacturer (Pharmacia P-L Biochemicals, Sweden). 
DNA fi-agments were separated on an 0.6% agarose gel 
at 30 V overnight. Restriction fi-agments were trans- 
ferred under vacuum to nylon membranes (Hybond-N, 
Amersham, UK) by Southern blotting. Prehybridiz- 
ation and hybridlzation were performed as described 
elsewhere [21 J. The acetylaminofluorene-labelled 16+ 
23 S rRNA fi-om E. coli (Eurogentec, Belgium) was 
added to the hybridization solution and the hybridiz- 
ation reactions visuahzed colorimetrically by immuno- 
enzymatic detection as recommended by the manu- 
facturer. Xenorhabdus 278 chromosomal DNA digested 
with EcoRI was used on each gel as the molecular-size 
standard. Ribotyping patterns were visually assessed, 
and isolates were considered to be identical if there was 
complete concordance of profiles. 
Pulsed-field gel electrophoresis (PFGE) 
DNA for PFGE analysis was prepared using a modifi- 
cation of the method of Smith and coworkers [22]. 
Bacterial cells were grown by shaking at 37°C in Luria- 
Bretani broth to an optical density of 0.4 at 650 nm. 
Cells were then centrifuged, washed with 1 O m M  
TRIS-hydrochloric acid (HC1) (PH 7.5) and 1 M 
sodium chloride (NaCl), then mixed with an equal 
volume of 1.6 % agarose (InCert agarose, FMC Bio- 
products, USA). The mixture was carefully dispensed 
into molds. Cell lysis was carried out overnight at 37°C 
in 2 mL lysis buffer [6 mM TRIS-HC1, 1 M NaC1, 
100 mM EDTA, 0.5% Brij 58 (wt/vol), 0.2% deoxy- 
cholate (wt/vol) and 0.5% lauroyl sarcosine (wt/vol)] 
supplemented with 1 mg/mL lysozyme and 20 mg/mL 
RNase. Lysis buffer was then replaced by 2 mL 
proteolysis buffer [0.5 M EDTA, 1% lauroyl sarcosine 
(PH 9.0) and 1 mg/mL proteinase K] and incubated for 
48 h at 50°C. Cell debris and proteinase K activity were 
eliminated by two. washes in 1 mL TE buffer [ lo  mM 
TRIS-HC1, 0.1 mM EDTA (PH 8.0)] plus 1 mM 
phenylmethylsulfonyl fluoride for 4 h at room 
temperature. 
The agarose plugs were equilibrated in TE buffer 
(three washes for 4 h at room temperature) and stored 
in fi-esh TE buffer at 4°C. Digestion of the agarose 
blocks was carried out with XbaI (Pharmacia P-L 
Biochemicals, Sweden) in accordance with the manu- 
facturer's instructions. PFGE was performed with the 
orthogonal field-alternation electroDhoresis (Gene " 
Figure 1 Ribowes  generated bY BgnI for strains of EIEC 
0124. Lane 1 to 7, sporadic isolates (lane 1, strain 25; lane 
2, strain 26; lane 3, strain 106; lane 4, strain 139; lane 5, 
strain 140; lane 6, strain 141; lane 7, strain 142); lane 8, 
outbreak I; lane 9, outbreak 11; lane Mk, size marker 
Navigator) apparatus from Pharmacia LKB Biotech- 
nology (Sweden) in gels of 1% agarose (SeaKem HGT, 
FMC, USA) in 0.5X TBE buffer (0.1 M TRIS, 0.1 M 
boric acid and 0.2 mM EDTA) for 19 h at a constant 
(Xenorhabdus 278 chromosomal DNA digested with EcoRI). 250 V at 12°C; the pulse time was 20, 10 and 2 sec for 
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7 ,9  and 2 h, respectively. The DNA size standards used 
were lambda DNA concatemers and HindIII-cleaved 
lambda (New England Biolabs, USA). 
Macrorestriction fingerprints were compared with 
the Bio Image system (Mdhpore, USA). For a given 
band, the acceptable deviation ranged from 2% in the 
hgh-molecular-weight zone of the gel to 5% in the 
low-molecular-weight zone. Similarities in fi-agment- 
length patterns between two strains were scored by the 
Dice coefficient [23], and strains were clustered on the 
basis of their degree of similarity by the method of 
unweighted pair-group averages (WGMA) [24]. 
RESULTS 
Table 1 summarizes the biotypes, antibiotypes, plasmid 
analysis, ribotyping and restriction endonuclease analysis 
(REA) by PFGE of 29 EIEC 0124 isolates. Of these 
strains, seven isolates were from sporadic cases and 22 
from two different outbreaks. 
Biotyping 
Differences among biotypes were only related to 
acid production from dulcitol and rhamnose, and gas 
production from glucose. The seven sporadic strains 
were distributable among five biotypes whereas isolates 
h m  outbreaks I and I1 showed two and three different 
biotypes, respectively. 
Antimicrobial resistance profiles 
All strains were resistant to one or more antibiotics. 
Three different antibiotypes were observed among the 
seven sporadlc strains, all three strains from outbreak I 
shared the same antibiotype and four different anti- 
A 
biotypes were detected among the 19 outbreak I1 
strains. 
Plasmid profiles 
Four of the seven sporadic strains carried one or several 
plasmids. Two strains harbored two plasmids of 2.8 Kb 
and 1.0 Kb, respectively, and two carried one plasmid 
of 1.0 Kb. All three strains &om outbreak I lacked 
plasmids, and only one of the 19 outbreak I1 strains 
carried two plasmids of 3.1 Kb and 1.2 Kb, respectively. 
Ri botyping 
These patterns contained 5 to 7 bands with sizes 
ranging from 2 to 15 Kb (Figure 1). A total of three 
ribotypes were observed among the seven sporadic 
cases. BgnI was sufficient to distribute the sporadlc cases 
among the three ribotypes whereas EcoRI and CZaI 
provided no additional information (Table 1). Four 
(57%) of the sporadic strains were grouped into 
ribotype B3C2E2, two strains were ribotype BlClEl 
and the remaining strain belonged to BZCIEI. 
Outbreaks I and I1 shared an identical ribotype 
Formal assessment of the intertest variation in 
ribotyping was by comparing duplicates of all the 
sporadic isolates. No differences were found in the 
number or position of bands (data not shown). 
(B3C2E2). 
Pulsed-field gel electrophoresis 
EIEC 0124 DNA dlgested with XbaI produced 10 to 
20 well-resolved fragments ranging from 23 to 500 Kb, 
although only fragments between 95 to 450 Kb were 
analyzed. The patterns generated by PFGE for the 
seven sporadic strains showed markedly distinct patterns 
with a range of similarity between 58 to 93% (Figures 
B 
436.5 - 
388.0 ’ 
339.5 
291.0 
242.5 
194.0 
B U  97 0 
- I I  
c. 
r w m  
@ i h S  145 5 
Figure 2 PFGE of XbaI-digested genomic DNA of EIEC 0124. (A) Lane 1 to 7 ,  sporadic isolates (lane 1, strain 25; lane 2, 
strain 26; lane 3, strain 106; lane 4, strain 139; lane 5, strain 140; lane 6, strain 141; lane 7, strain 142); lane 8, outbreak I; 
lane 9, outbreak I1 (s t ra in  129). (B) Lane 1 to 8, outbreak I1 (lane 1, strain 120 ; lane 2, strain 122; lane 3, strain 123; lane 4, 
strain 135; lane 5, strain 125; lane 6, strain 128; lane 7, strain 132; lane 8, strain 136). Lanes MI, molecular-size marker 
(lambda concatemer); lane ML molecular-size marker (lambda DNA-HindIII) . 
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2 and 3). In contrast, the isolates from the two different 
outbreaks showed similarity values of90 to 100%. The 
isolates from outbreak I appeared to be genetically 
identical (similarity coefficient 100%) (Figures 2 and 3) 
whereas isolates from outbreak I1 showed three patterns 
differing by a single band and were considered to be 
subtypes of the main group. This difference corres- 
ponds to a simdarity coefficient of between 90 to 100% 
(Figures 2 and 3). PFGE distinguished six different 
patterns among nine strains that were epidemiologically 
unrelated (seven sporadic cases plus one strain from 
each outbreak). Two of these patterns included two 
strains that differed by a single band and were 
considered a subtype ofthe main group (Figure 3). This 
corresponds to a discrimination index of 0.92. 
DISCUSSION 
The subdivision of E. coli strains associated with 
diarrheal disease into O:H serotypes is the primary 
I 124 o u t b d  II. ' 123; outbmk II. 
' 127: outbreak II. 
122: outbreak 11. 
126 outbreak 11. 
135: outbreak II. 
121: outbreak I1 
128 outbreak 11. 
130 outbreak II. 
134: outbreak 11. 
131: outbreak II. 
132; o u h a k  II. 
120: outbreak 11. 
133; outbreak II. 
136: outbreak II. 
1 3 8  outbreak II. 
1 15; outbreak I. 
117: outbreak I. 
1 1 8  outbd 1. 
137: outbreak n. 
140: sporadiccase. 
14 1 ; sporadic case 
142: sporadic case. 
1 3 9  sporadic case. 
I I I I I I I I t I 
58.0 62.2 66.4 70.6 746 79 0 83 2 874 91.6 95.8 100.0 
I I I I I I I I I i 
Figure 3 Dendrogram of the degree (%) of similarity between macrorestriction (XbaI) DNA types of of EIEC 0124 isolates. 
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approach to the study of their epidemiology and 
pathogenesis [l]. However, many serotypes of E. coli are 
genetically heterogeneous [25] and, therefore, sero- 
logical typing can only be regarded as a first step in 
epidemiological surveys. 
In this study, classical phenotypic traits, such as 
biotype and antibiotype, showed some diversity among 
the strains associated with a particular outbreak. There 
were three different biotypes and four different anti- 
biotypes among the 19 outbreak 11-associated strains. 
Instability of phenotypic markers due to gene expres- 
sion variations has been frequently reported [26-281, 
resulting in a corhsing epidemiological picture. 
Molecular techniques have provided methods 
based on genotypic characterization and plasmid 
analysis has proved to be a valuable tool in a variety of 
epidemiological studies 129,301. Nevertheless, the 
accepted b t a t ions  of this technique include plasmid 
instability and the fact that certain pathogens do not 
contain low-molecular-weight plasmids of epidemio- 
logical interest. Indeed, three of the seven sporadic 
EIEC strains lacked plasmids. Under these circum- 
stances, plasmid analysis is not a reliable technique for 
evaluation of EIEC 0124 strains. 
Restriction endonuclease analysis of chromosomal 
DNA with high-fkquency cleaving enzymes produces 
complex profiles consisting of hundreds of bands, 
making comparisons among isolates difficult [31]. One 
means to simplie comparisons is to highlight a few of 
the many fragments produced by hybridization of a 
Southern transfer with a nucleic acid probe. Ribosomal 
sequences are well conserved, and a probe derived from 
the E .  coli ribosomal operon can be used in a wide 
range of bacterial species [32,33]. Such a riboprobe is 
commercially available. In general, ribotypes are a 
relatively stable characteristic within a species, and 
epidemiologically unrelated isolates may demonstrate 
the same pattern, thereby limiting the discriminatory 
power of the method [31]. In the present study, four of 
the seven sporadic strains shared the same ribotype with 
three enzymes. This ribotype was also responsible for 
the two outbreaks studied. 
PFGE can resolve the large DNA fragments 
obtained f b m  chromosomal DNA digested with low- 
fkquency cleaving enzymes to produce only a few 
fi-agments, usually less than 20, dowing ready com- 
parison of electrophoretic patterns. Recent data suggest 
that this technique is the most discriminating of the 
currently available genotypic methods. The patterns 
generated by PFGE have been used in the analysis of a 
variety of bacterial organisms [34-371. 
Gordillo and colleagues [38] analyzed an outbreak 
of diarrhea due to EIEC 0143 and showed that PFGE 
can distinguish between different E. coli strains of the 
same serogroup and phenotype, and may be useful in 
the study of EIEC epidemiology. The results of the 
present study confirm the usefdness of PFGE in 
EIEC 0124 and that PFGE is more discriminating than 
ribotyping. Five different PFGE patterns were detected 
among the seven sporadic strains and a different pattern 
was responsible for the two outbreaks studied. 
The present analysis of EIEC 0124 by molecular 
methods provides some insights into the epidemiology 
of diarrheal disease caused by t h i s  microorganism. The 
data clearly indcate that there is considerable hetero- 
geneity at the level of DNA among EIEC 0124 strains 
isolated in Catalonia and that multiple clones may 
coexist. These findngs suggest that a molecular tech- 
nique such as PFGE is useful for dfferentiating 
individual strains and can be effective in epidemio- 
logical surveillance, prevention and control of EIEC 
0124 infections. 
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